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16.  Abttroct 


The  objectives  of  this  study  were  to  provide  a multlnlsslon  assessment  of  possible 
Coast  Guard  surveillance  requirements  over  the  next  25  years  In  S-year  Increments; 
and  to  develop  a Coast  Guard  surveillance  R&D  prograr . The  recommended  program  was 
to  consider  likely  future  demands  on  USCG  surveillance  capabilities  and  develop  a 
tlte-phased  program  which  would  allow  the  Coast  Guard  to  respond  to  changing  demands 
In  a timely  fashion.  Thus  the  first  phase  of  the  analysis  concentrated  on  Identif) in'.; 
and  assessing  the  impact  of  future  trends  and  events  v>hich  could  affect  surveillcnce 
requirements.  A list  of  potential  events  relevant  to  Coast  Guard  surveillance 
requirements  was  developed.  These  major  events  were  then  evaluated  via  a Delphi, 
with  the  participation  of  experts  In  a variety  of  appropriate  fields.  The  Delphi 
pend  established  estimated  dates  by  which  each  event  would  have  a high  probability 
of  occurrence.  A Requirements  Model  was  then  constructed  to  quantitatively  assess 
the  tlme-pharcd,  relative  importance  of  each  of  the  identified  current  and  future 
Coast  Guard  surveillance  requirements,  by  Program  and  overall.  Once  the  relative 
importance  of  each  surveillance  requirement  was  established,  a survey  of  current  and 
future  available  technology  was  undertaken,  to  determine  current  development  status, 
current  level  of  application,  pace  of  development,  efficacy  In  meeting  each  surveil- 
lance requirement.  Using  cross-relevance  matrices,  a gap  analysis  was  conducted  to 
determine  the  efficacy  of  the  technologies,  as  currently  applied  and  potentially 
available,  in  meeting  the  most  Important  surveillance  requirements.  The  result  was 
a determination  of  the  relative  importance  of  the  technologies  for  Coast  Guard 
research  and  development.  A broad  program  was  then  structured  utilising  the  output 
of  the  gop  analysis  and  Insights  gained  during  the  evaluation  of  technologies. 
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APPENDIX  A 

TRENDS  AFFECTING  FUTURE  COAST  GUARD  SURVEILLANCE  REQUIREMENTS 

I.  Envlroanental  Trends 

1.  Increasing  public  and  govemoent  awareness  and  planning 
In  terms  of  environmental  consequences  and  Implications 
of  all  acts  (2,  1,  4). 

a.  Regulations  from  agencies  like  EPA 
becoming  broader  In  range  and  appli- 
cation (3) . 

b.  Probable  establishment  of  Inter- 
national environmental  quality 
standards  for  air  and  water  (1) . 

2.  Changing  approaches  to  Issues  of  environmental  manage- 
ment as  a consequence  of  Increasing  knowledge  base 

(2,  3). 

a.  Increasing  knowledge  base  Is  expected  to 
Increase  predictive,  preventive,  and  re- 
active capabilities  (3) . 

b.  Shift  In  approach  from  remedial  to  pre- 
ventive measures  (2) . 

c.  Greater  emphasis  Is  expected  on  regula- 
tion and  enforcement  of  regulations  (1) . 

3.  National  and  global  needs  for  energy  and  materials  may 
be  In  conflict  with  environmental  concern  (2,  4). 

a.  Environmental  disruptions  are  expected 
to  become  a rapidly  Increasing  factor 
of  conflict  and  tension  In  Inter- 
national relationships  (2) . 

b.  Waste  management  Is  expensive.  As  a 
result,  less  developed  coxmtrles  and 
less  efficient  businesses  have  diffi- 
culty facing  environmental  controls 
(3). 

4.  Accidental  and  Incidental  waste  disposal  In  oceans  may 
receive  more  attention  (2) . 

a.  Increasing  control  and  regulation  of 
ocean  dumping. 

b.  Increasing  control  over  cleaning  of 
vessels  and  effluent  pumped  over- 
board (3) . 
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5.  Exp«ct«<l  Increase  In  ehlpnenc  of  environoentally  harardoue 
materials,  such  as  chemicals  and  oil,  will  Increase  the 
danger  of  environmental  pollution  (5) . 

6.  Increasing  awareness  of  environmental  impacts  of  energy 
extraction. 

a.  Nuclear  electric  power  plants  will  result 
In  Increasing  aanunts  of  thermal  pollution 
and  accidental  discharge  of  radioactive 
compounds  (2 , 4) . 

b.  Increasing  numbers  of  oil  drilling  plat- 
forms are  anticipated  (1). 

c.  Deep  sea  mining  is  expected  to  increase 

(1). 

7.  Environmental  trends  In  coastal  zone  management  may 
affect  USCG  pollution  abatement  responsibility  (4). 

a.  Increasing  amounts  of  superstructure 
construction  within  coastal  zone  (4) . 

b.  Increased  recreational  activity  In 
coastal  zone  (4) . 

c.  Anticipated  growing  need  for  protec- 
tion of  fisheries  (4). 

d.  Possible  use  of  zoning  concepts  and 
"protected  areas"  to  serve  as  preserves 
of  the  natural  state  for  purposes  of 
scientific  and  technological  develop- 
ment (3) . 

e.  Increasing  demand  for  mineral 
resources  (4) . 

f.  Growing  need  for  enforcement  of  regula- 
tions concerning  extraction  of  offshore 
mineral  resources  (1) . 

g.  Increasing  numbers  of  marlculture 
ventures  (1) . 

8.  Increased  Incidence  of  oil  spills  may  create  significant 
environmental  hazards  (5) . 
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II 


Political  Trend* 


1.  Incraaaing  political  change  la  expected  reaulting  from 
a queat  for  aateriala  (enargy-producting,  food, 
alnarala)  (5) . 

a.  Increaaing  alliance*  and  agreementa  which 
may  be  both  stabilizing  and  destabilizing 
(5). 

b.  Increaaing  number  of  global  "concerns", 

(such  as  international  regulation  of  sea 
raaources)  (5) . 

c<  Possible  conflicts  over  ownership  rights 
in  regard  to  scarce  materials  (2). 

2.  Conflict  is  anticipated  over  development  of  ocean  regime. 
Many  unresolved  issues  include:  pollution,  fisheries 
conservation,  freedom  of  navigation,  territorial 

and  economic  zone  boundaries,  sea-mining  and  Law  of  Sea 
Treaty  (1,  2). 

3.  Increasing  potential  for  armed  conflict  and/or 
terrorism  (1) . 

a.  Increased  potential  for  armed  conflict 
or  warfare  in  general  (5) . 

(1)  New  step-up  in  U.S.  arms 
race  (2) . 

(2)  Increasing  acts  of  inter- 
national terrorism  (1) . 

(3)  Further  development  of  > 
weapons  systems  (1) . 

b.  Increasing  potential  for  armed  conflict 
related  to  marine  environment. 


(1)  Increasing  arms  sales  related 
to  marine  environment  (4,  2). 

(2)  It  is  expected  that  major  sea 
control  forces  will  be  used  to 
protect  access  to  deep  ocean 
resources  (5) . 
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4.  Coastal  zone  manageicent  issues. 
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b. 


Possible  jurisdictions!  controversy  between 
vsrious  levels  of  government  over  nsnage- 
ment  of  coastal  zone  (2,  3,  4). 

(1)  Intra-Pederal  controversy 

(2)  Federal/State  controversy 

(3)  State-State  controversy.  Vari- 
ations between  state  laws  may 
become  increasingly  difficult 
to  accommodate.  It  is  possible 
that  some  form  of  national 
standardization  will  occur  (2) . 

Possible  controversial  Issues  in  regard  to 
traffic  and  control  (2). 

(1)  A questioning  of  free  right  of 
access  and  passage  may  result 
in  possible  Impedence  of^ 
commercial  navigation  (,2,  4) . 

(2)  Increasing  probler  of  traffic 
control  in  domestic  waterways 
may  occur  (1,  2). 

(3)  Increasing  number  of  foreign 
vessels  may  continue  into 
domestic  waterways  (1,  2). 


c.  Possible  development  of  sea  zoning  and 
allocation  systems  (2) . 

(1)  Possible  jurisdictional  con- 
troversy over  breadth  of 
continental  shelf  (4) . 


(2)  Possible  conflict  over  unequal 
distribution  and  exploitation 
of  sea  resources  may  lead  to 
disagreements  concerning  their 
ownership  and  extraction  (5,  2). 

5.  Treaty  law  enforcement  Issues. 

a.  Law  of  Sea  Treaty  may  become  ratified  (1). 

b.  Clarification  and  development  of  U.S. 
responsibilities  in  Arctic  areas  may 
occur  (1) . 


I* 

J 

I 

1 

\ 


A-4 


(1)  Polar  warfare  Issues  (1) . 


(2)  Clarification  of  the  specific 
responsibilities  of  the  CG  In 
Arctic  areas  In  regard  to 
facilitation  of  commerce, 
search  and  rescue  and  national 
defense  (1). 


I 6.  (Government  management  Issues  (not  limited  to  coastal  zone). 


a.  U.S.  government  agencies  are  expected  to 
reorganize  more  frequently.  This  may 
result  In  more  organizations  overall, 
and  changes  In  existing  organizations 
(1,  2,  and  5). 

b.  Domestic  political  activities  will  Include 
Issues  concerning  drugs  and  the  environ- 
ment. For  example,  the  political  Impact 
of  environmental  groups  will  Increase, 
and  political  changes  may  affect  whether 
drugs  will  be  legalized,  etc.  (5). 

c.  Possible  problems  with  sustainability  of 
voluntary,  nonunlonlzed  military  forces 
(2). 


d.  Increasing  governmental  regulation  of 
Industries  (5). 


7.  Development  of  military  use  of  coastal  zone. 


a.  The  traditional  military  view  that  large 
marine  bodies  constitute  defensive 
barriers  (the  moat  view)  will  Increasingly 
give  way  to  the  View  that  the  marine 
bodies  are  a foi^  of  cover  which  make 
certain  types  of  defense  even  more  diffi- 
cult (2). 

b.  Growing  technological  advances  In  new 
marine  defense  strategies  are  expected 
(2). 


8.  Unr«aolv«d  Issues  relating  to  development  of  fisheries 
and  the  enforcement  of  fishing  (1,  3). 


9.  Issues  relating  to  Increasing  emphasis  on  trade  and 
shipping. 


a.  Increased  shipping  capacity  Is  expected 

(1). 

b.  Growing  need  for  construction  standards 
for  foreign  vessels  (1). 


10.  Legal  and  Jurisdictional  conflicts  may  emerge  related 
to  mineral  extraction  (1). 


11.  Protection  of  nation’s  borders  from  Illegal  entry  (1,  3). 


12.  Possible  changing  policy  of  CG  military  role. 

a.  Protection  of  200-mlle  economic  zone 
from  terrorism  (1,  4). 

b.  Crime  and  law  enforcement  role  of  CG 
within  200-iiille  economic  zone. 

(1)  Port  security  problems  (1). 

(2)  Brush  fires  (1) . 

(3)  Inspection  standards  for 
foreign  ships  (1). 

c.  CG  crime  and  law  enforcement  role  out- 
side of  200-Bd.le  zone.  Including  smug- 
gling end  hijacking  may  be  redefined  (1) . 

d.  Prevention  and  safety  operations  may 
change  (2). 

(1)  Anti-terrorism  and  anti- 
saboteur operations  (1). 

(2)  Surveillance  and  enforce- 
ment of  public  safety  (2) . 


III.  SOCIETAL  TRENDS 


1.  Rising  affluence  Is  expected  and  nay  result  In  Increasing 
sophistication,  sexual  eqiiallty  and  service  orientation 
of  U.S.  labor  force  (5). 

2.  Expected  long  term  Increase  In  amount  of  leisure  time 
(4,  2). 

a.  Increase  In  recreational  activities  In 
general  (4) . 

b.  Increase  In  lelsure-recreatlonal-related 
expenditures  (4) . 

c.  Increase  In  recreational  marine  activities 
and  expenditures.  Increasing  use  of  sub- 
merslbles  for  private  and  commercial  use  (4) . 

3.  Expanding  population  Is  expected  (1,  4). 

4.  Possible  continuing  geographical  shifts  near  water,  such 
as  coastal  areas.  Inland  lakes.  Great  Lakes  and  rivers 
(1). 

5.  Increasing  crime  of  all  kinds  Is  expected  (2,  3). 

6.  Possible  lower  societal  priority  for  military  and  para- 
military may  result  in  social  pressures  to  reduce 
manning  of  military  or  para-mllitary  services  (4) . 

7 . Increasing  use  of  drugs  and  an  Increase  In  drug  traffic 
(1.4). 

8.  Continuing  growth  of  recreational  use  of  marine  environ- 
ment (3) . 


Greater  use  of  boats  and  submerslbles  for 
private  and  commercial  use  (1) . 

Greater  need  for  law  enforcement  (3) . 

(1)  It  Is  anticipated  that 
greater  surveillance 
requirements  related 
to  drug  traffic  and 
other  contraband  by 

water  will  be  necessary  (2) . 

(2)  A greater  need  for  protec- 
tion against  antisocial 
technologies  Is  expected  (3) . 


Increasing  construction  and  use  of  offshore  structures> 


a.  Possible  Inhabitation  of  permanent  Installa- 
tions (such  as  underwater  parks  for  tourism) 
(1). 

b.  Possible  use  of  private  submerslbles  for 
research,  mineral  exploitation,  underwater 
commercial  operations  (1) . 


Societal  trends  related  to  coastal  zone  management  Issues. 

a.  Increased  regulatory  responsibilities 
relating  to  recreational  activities  and 
non-recreatlonal  activities  (1). 

b.  Law  enforcement  and  prevention  of  crime 

(3). 

c.  Crowding  and  congestion  In  coastal  and 
territorial  waters  may  present  problems 
of  movement  control  (3) . 


IV.  Economic  Tranda 


1.  Growing  Intardapandance  of  world  economy  la  expected  (5). 

a.  Dependence  and  competition  for  national 
reaourcen  may  occur. 

(1)  Shortagea  of  raw  materlala 
may  reault  In  Increaaed 
trade  for  foreign  aourcea 

and  marketa  (5) . 

(2)  Increaalng  value  of  marine 
reaourcea  may  Increaae  the 
economic  atake  of  ownerahlp 
rlghta  to  marine  reaourcea 

(3). 

b.  Poaalble  continued  growth  of  multinational 
flrma  (5). 

2.  Shortages  In  raw  materlala  may  result  In  growing  dependence 
upon  International  trade  (1,  5). 

3.  Possible  protectionism  Issues. 

a.  Rising  problem  of  U.S.  economy's  capability 
to  compete  favorably  In  International  mar- 
kets may  give  rise  to  Issues  of  protec- 
tionism and  International  trade  agreements 
(3). 

b.  Possible  Increase  In  protectionist  attitudes 
and  measures  (S) . 

A.  Possible  Increasing  capital  constraints  In  U.S.  (5). 

a.  Expected  Increasing  competition  for  U.S. 
government  funds  (5) . 

b.  Increasing  demands  for  capital  funds  to 
meet  Increasing  costs  may  not  be  met.  As 
a result,  the  CG  may  not  have  sufficient 
funds  to  repair,  upgrade  and  expand  port 
facilities  (1). 

5.  U.S.  economy  Is  expected  to  become  Increasingly  dependent 
upon  foreign  sources  for  raw  materials  (2) . 
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6. 


Increasing  anphasla  for  offahora  davalopmant  (3). 


a.  Tha  probable  need  for  salf-auf f Iclancy 
In  terma  of  raaourcaa  may  accelerate 
offshore  resource  development  (3). 

b.  U.S.  reaource  needa  may  lead  to  explora- 
tion of  deep  aea  reaources  (3). 


7^  Some  coaatal  lone  management  laauea. 

I 

a.  Increasing  preeaurea  to  assure  open  navl- 
gatablllty  of  all  Important  waterways 
(Inland  and  oceanic  access)  vear  round 
(1.  2). 

b.  Protection  and  law  enforcement  issues 
In  economic  tone. 

(1)  Poaslble  foreign  Infringe- 
ments In  U.S.  economic 
cone  (4). 

(2)  New  regulations  may  give 
USCG  additional  reaponsl- 
bllltlas  In  tha  Insoection 
of  offshore  equipment  such 
as  drilling  rigs,  nuclear 
power  plants,  and  other 
offshore  assets  (1). 


8.  Increased  shipping  and  waterborne  transportation  Is  expected  (1). 

a.  Expected  Increased  demands  for  Improved  ship- 
building technology  of  a commercial  nature 
(3,  2). 

b.  Increasing  number  and  sice  of  vessels  (4). 

c.  Increased  use  of  domestic  Inland  waterway 
system  (1) . 

d.  It  Is  anticipated  that  problems  may  arise 
associated  with  an  Internationally  dispersed 
shipbuilding  industry  without  related  Inter- 
nationally agreed  upon  equipment  standards 
and  enforcement  procedures  (3). 
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• . Bxp«ct«(l  IncrMsc  in  tha  nuabar  of 
problema  ralatad  to  cargo  Inapactlon 
for  pamlaalbllity  and  lagallty  (3). 

f.  Poaalble  naad  for  control  of  antry  to 
vaaaala  into  cartain  araaa  aa  a raault 

of  concarn  for  aafaty  againat  anti- 
aocial  tachnologiaa  (3) . 

g.  Incraaaing  imports  of  ciuda  oil,  products 
and  natural  gas  may  raquira  mora  and 
largar  ahipa  (1,  2). 


9.  Issues  ralatad  to  tha  exploitation  of  coastal  cone. 

a.  Exploitation  of  the  ocean  for  matarials 
such  as  ocean  mining,  etc.  may  increase 

CG  economic  cone  security  requirements  (A) . 

b.  Some  energy  extraction  trends  may  increase 
CG  economic  cone  security  requirements  (A). 

(1)  Possible  exploitation  of  the 
ocean  for  oil  and  gas  is 
expected  (A) . 

(2)  Poasible  offahore  location  of 
power  plants  (A) . 

(3)  Many  new  energy  plant  facilities 
may  continue  locating  on  water- 
side sites  to  use  low  coat  water 
transportation  (1). 


10.  Graatar  reliance  may  be  placed  on  the  ocean  aa  a food  source  (A). 

a.  Development  and  protection  of  open  sea 
marlculture  is  expected  (A) . 

b.  Possible  development  of  kelp  beds  (2). 

c.  Expected  growing  need  for  protection  of 
fisheries  from  ovsr  fishing  (A). 


11.  Continued  worldwide  economic  growth  and  development  is  expected  (2,5). 

a.  Continued  rising  GNP  in  both  developed 
and  developing  nations  is  expacted  (5). 

b.  Increasing  disparity  of  per  capita  Income 
between  developed  and  lesser  developed 
nations  may  continue  (5). 
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V.  Technological  Tr«nd» 

1.  Increaaed  general  atlnulatlon  of  technology  and  Innova- 
tion le  expected. 

a.  U.S.  may  not  be  able  to  maintain  technologi- 
cal leaderahlp  (2) . 

b.  Technological  advances  allowing  prediction 
and  control  of  weather  are  being  developed 


c .  Advances  In  oceanography  may  broaden  oppor- 
tunities to  exploit  ocean  resources  (2) . 


2.  General  engineering  Improvements  may  Include  advances  that 
make  machinery  less  susceptible  to  environmental  extremes. 
(Steel  alloys  that  produce  adherent  oxides  which  Improve 
weatherablllty  may  be  developed.)  (2). 


3.  Satellite  utilization  trends. 

a.  Satellite  computer  systems  may  proliferate 
to  produce  computer  networks  (2) . 

b.  Improvement  of  Intelligence-gathering  effec- 
tiveness from  satellites  by  means  of  develop- 
ment of  photographic  techniques  may  be 
developed  (2) . 

c.  Further  development  of  IR  techniques  Is 
anticipated  (2) . 

d.  It  Is  expected  that  SEASAT-satelllte  will 
provide  all-weather  global  monitoring.  It 
may  also  be  used  for  surveillance  of  chemi- 
cal and  oil  pollution,  location  of  ships, 
yields  of  fish,  and  wave  and  weather  condi- 
tions (4). 

e.  Evolution  of  comprehensive  monitoring  systems 
and  Identification  systems  la  expected. 
Satellite  tracking  Is  becoming  more  useful  to 
monitor  ships  for  pollutant  identification 
(3,  4). 

f.  The  possibility  exists  of  orbiting  space 
stations  which  can  aerve  as  nuclear  launching 
platforms,  surveillance  stations,  etc,  (2). 
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4.  Trands  In  geological  Identification  techniques. 

a.  It  la  expected  that  advances  In  geological 
sciences  and  space  monitoring  may  provide 
the  capability  to  locate  yet  unknown 
resource  reserves  (2) . 

b.  It  Is  expected  that  the  development  of  high 
precision  of  macro-measuring  techniques  may 
facilitate  construction  of  geological  maps 
of  OCS  shelf  (4). 


5.  Computers  and  cybernetics  (1). 

a.  General  engineering  developments  In  the  field 
of  computers  and  cybernetics* 

(1)  Improvement  of  visual  and  audio 
data  Input  techniques  (2) . 

(2)  Expansion  of  large  scale  Integrated 
technology  multiplexing  may  enable 
multiple  uses  and  Intercomputer 
Interaction  (2) . 

(3)  Expected  Increase  In  speed  and 
data  handling  of  computers  (2) . 

(4)  Possible  Increased  use  of  micro- 
computers (2). 

(5)  Possible  Increase  In  security 
capabilities  in  the  time-shared 
systems  (2) . 

(6)  EDP  systems  are  becoming 
Increasingly  capable  of  per- 
forming simultaneously  a 

variety  of  different  functions  (2) . 

(7)  Development  of  flexible  small  soft- 
ware packages  for  use  In  solving 
layman-language  problems  are 
expected  (2). 

b.  Possible  general  uses  of  computers  and  cybernetics 
In  other  areas* 

(1)  Computer  simulation  may  be  used  In 
construction  of  hardware  entitles, 
such  as  large  engineering  projects 
(2). 
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(2)  Cybernetic  eyeteme  may  be  developed 
to  replace  many  human-machine 
eyeteme,  such  ae  navigation,  aseembly 
llnee,  weapone,  conatructlon  (2). 

(3)  Computer  and  aenaor  technologies  may 
be  applied  to  problems  of  mine 
safety  (2) . 


6.  Expected  development  of  port  facilities  and  floating  cities. 

a.  Problems  relating  to  port  facilities  may  arise. 

(1)  Development  of  waterfront  facilities 
for  handling  hazardous  materials  may 
occur  (2) . 

(2)  Possible  development  of  port  manage- 
ment vessel  traffic  services  and  In- 
formation systems  (2,  5). 

(3)  Possible  development  of  port  facili- 
ties for  larger  ships  (2) . 

b.  Growth  of  sea  communities  and  other  types  of  off- 
shore facilities. 

(1)  An  Increase  In  number  of  offshore 
facilities  (excluding  petroleum 
drilling  operations)  Is  expected 
(5). 

(2)  Possible  growth  of  surface-type 
facilities.  Ocean  platforms  may  be 
used  for:  large  sea  stations  for 
airports,  shipping  terminals, 
floating  plants  and  cities,  deep 
water  ports  and  power  plants  (5,2). 

(3)  Expected  development  of  sub-surface 
operations  for  Industry  (mining, 
food)  and  recreation  (underwater 
parks)  (2). 


7.  Food  production  from  marine  sources  Is  expected  to  Increase  (2,5). 

a.  Marlculture  Is  expected  to  become  a major 
Industry  (4) . 

b.  Application  of  aurvelllance/monltorlng 
technologies  to  fisheries  are  'expected 
to  permit  determination  of  accurate  In- 
ventories of  stocks  of  fish  (2). 
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c>  Water  desalination  is  feasible  (2). 


Technological  advances  in  mineral  extraction  are  expected  to 
lead  to  Increases  In  offshore/deep-sea  mining  for  minerals  (4) . 

a.  Advances  In  drilling  technologies  are 
expected  (2) . 

b.  Possible  development  of  technologies 
for  scooping  raw  materials  from  surface 
of  seabed  (2) . 

c.  Prospective  excavation-related  advances 
Including  rock  melting  and  rock  shattering 
with  electron  beams  and  nuclear  blasting 
may  have  large  Impact  (2) . 


Improvements  In  energy  extraction  and  distribution,  and  search 
for  new  sources  of  energy  are  expected  (1) . 

a.  Increasing  advances  In  offshore  oil  explora- 
tion may  permit  greater  exploitation  of  off- 
shore gas  and  oil  resources  at  greater 
depths  (4,  5). 

b.  Improvements  In  coal  mining  techniques  are 
expected  (1) . 

c.  Expected  Improvements  In  and  development  of 
offshore  power  plants  and  floating  nuclear 
power  plants  (1) . 

d.  Improvements  In  power  transmission 


(1)  Improvements  may  be  made  In  the 
development  of  high-voltage 
electricity  transmission  (1) . 

(2)  Technological  advances  in  regard  to 
power  transmission  may  develop 
capabilities  so  that  underground 
(super  cold)  transmissions  will  be 
possible  at  larger  power  levels  (2). 


(3)  Possible  expansion  of  energy  extrac- 
tion for  alternative  sources  from 
seabed  and  ocean.  Including  oil  and 
gas,  coal,  thermal  gradient  energy, 
solar  energy  of  surface,  tidal 
energy  of  coastlines,  wind  energy 
at  surface,  and  geothermal  energy 
from  seabed  (2) . 

(A)  Increasing  use  of  subsea  pipelines 
for  the  transport  of  hydrocarbons 
may  be  laid  In  ever  Increaslnd  depths 
of  water  (5). 


10.  Military  uses  of  marine  environment. 

a.  Possible  change  In  approach  to  uses  of  military 
technologies  for  both  underwater  and  surface 
operations,  from  Idea  of  sea  as  a barrier  or 
combat  zone,  to  the  Idea  that  the  sea  as  a 
cover  within  which  to  operate  military  capa- 
bilities (3). 

b.  Expected  development  of  cybernetic  weapons 
systems  (2) . 

c.  Possible  discouraged  development  of  large 
scale  use  of  submerslbles,  except  for  direct 
military  purposes  (ICBM  launching  submarines) 
(2). 

d.  Possible  development  of  monitoring  systems  for 
strategic  weapons  capability  and  detectlon(2) . 


11.  Trends  In  antisocial  and  terrorist  technologies. 

a.  Increasing  development  of  antisocial 
technologies  (3). 

b.  Technologies  for  the  commission  of  violations 
are  growing  at  a rate,  such  that  violators 
may  be  equal  to  or  ahead  of  technologies  for 
detection  and  apprehensions  of  the  violations 
(3). 


12.  Ships  and  shipping,  marine  engineering,  and  transportation 
technology  trends. 

a.  General  marine  engineering  trends. 
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(1)  Tachnologlcal  advancas  In  cantralliad 
and  autoaatad  angina  control  aya tarns 
■ay  ba  Installad  In  larga  ships  (2). 


(2) -  Tachnologlcal  advancaa  ara  axpacted 

trtilch  allow  conatructlon  of  naw 
■arlna  vahlclas  or  marina  vahlcles 
for  naw  usas,  such  as  large  hover- 
craft surface  affect  ships,  hydro- 
foils, tanker  submarines,  amphibian 
vehicles  (2) . 

(3)  Extensive  use  may  be  made  of  larger 
ships  (super  cargo  ships)  (4,2,5). 

(4)  Significantly  higher  speeds  in  water 
vahlclas  axpacted  (2) . 

(5)  Expected  advances  In  navigation 
systesM  capability  for  real  time 
locating  data  (2). 

b.  Posalbla  advances  In  transportation  technology. 

(1)  Passengers  and  cargo  may  be  trans- 
ported across  ocean  by  surface 
effect  ships  (hovercraft)  and/or 
hydrofoil  Ships  (2) . 

(2)  Technological  advances  In  cargo 
handling  may  result  In  development 
of  heavy  lift  helos  as  a competitive 

mode  of  cargo  handling  (2). 

(3)  Inland  waterways  may  be  used  as  high 
speed  marine  highways  by  commercial 
hovercraft  In  large  numbers  by  2000 
(2). 

(4)  Possible  development  of  enclosed 
docks  with  water  toxic  to  barnacles 
(2). 


13.  Possible  Improvements  In  coimunlcatlons  capabilities  (2). 

a.  Increased  use  may  be  made  of  automated  navigation 
systems  In  ships.  Including  both  Inertial  and 
sensing  systems.  Fall-safe  devices  may  be 
Increasingly  used  (2) . 
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b.  Development  of  capabilities  for  communica- 
tions of  different  forms  over  phone  is 
expected  (2) . 

c.  Possible  widespread  and  economical  use  of 
lasers  in  communications  (2) . 

d.  Mlcro-mlnlaturizatlon  may  lead  to  efficient 

' and  effective  communications  relay  stations 

I (2). 

1 

I e.  The  development  of  response  information 

f systems  may  Improve  CG's  ability  to  respond 

to  hasardous  pollution  Incidence  (2,  1). 


^ f.  Conmunlcatlons  capabilities  of  ships  and 

^ aircraft  may  improve  significantly. 


(1)  Possible  development  of  earth 
orbiting  satellite  communica- 
tions relay  stations  for 
microwave  communications  between 
surface,  airborne,  and  some  sub- 
surface vehicles  and  stations 
may  Improve  communications  (2) . 

(2)  The  development  of  new  techniques  for 
modulating  electromagnetic  radiation 
may  improve  communications  (2) 

(3)  Developments  in  computer-based 
Integrated  tactical  data  systems 
may  Improve  communications  among 
units  operating  in  same  sea  area 
(2). 

(4)  Greater  use  of  massive  underground 
extremely  low  frequency  radio 
transmitters  may  permit  worldwide 
coverage  of  even  submerged  units  (2) . 


Surveillance/monitoring  (3) . 

a.  SRASAT  satellite  may  be  applied  to  economic 
zone  surveillance  activities  (4) . 

b.  Possible  trends  in  surveillance  and  monitoring 

(2). 
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(1)  Possible  development  of  collision 
avoidance  systems. 

(2)  Applications  of  surveillance  and 
monitoring  technologies  may  be  used 
to  oversee  marine  actlvltles- 
pollutlon  (2) . 

(3)  Expected  Increased  need  to  detect 
and  Inspect  hazardous  cargoes 

(2,  3). 

(4)  Expected  growing  need  for  the 
Inspection  and  surveillance  of 
containers  for  dangerous  cargo 
or  Illegal  contraband  (2) . 


Trends  In  the  control  of  waste  disposal  Include  technological 
alternatives  to  the  disposal  of  municipal  sludge  and  indus- 
trial residues  (3) . 


Increasing  technology  developments  to  control  pollution  are 
expected  (2) . 

a.  Possible  development  of  new  technologies  for  the 
recovery  of  pollutants  from  sea  surface  and  below 
sea  surface  (2) . 

b.  Possible  development  of  new  techniques  for 
neutralizing  the  effect  of  pollutants  on  the 
sea  surface  and  below  sea  surface  (2) . 

c.  Possible  development  of  new  technologies  for 
transferring  or  dissipating  heat  pollution 
from  nuclear  power  plants  to  the  open  ocean 
will  be  developed  (2) . 


KEY  TO  SOURCES 


(1)  CoMandsnt  Instruction  5000. 2B,  July  18,  1977,  Conundant's  Long- 
Rango  Viaw. 


(2)  "EiMrglng  Envlronmanta,  Rolaa,  and  Activities  of  the  U.  S.  Coast 
Guard  to  2000  AD",  Charles  Williams,  Inc. 


(3)  Charles  Williams  Law  Enforcement  Study,  1978. 


(4)  "An  Analysis  of  the  Relevant  Factors  and  Forecast  of  Events 

Affecting  U.  S.  Offshore  Management  and  Security  In  the  200-Mlle 
Zone",  M.  J.  Cetron,  Forecasting  International,  Ltd. 


(5)  Phase  I Draft  Report  on  USCG  Contract  DOT-CG-60320-A  Including 
Appendices. 


APPENDIX  B 

EVENT  IMPACTS  ON  PROGRAM  ACTIVITIES 


KEY  TO  COLUMN  HEADINGS 


PA  SCR 


Unique  identification  nunber. 

Event  number  (See  Teblee  5-3  and  5-4) . 

Scene  (See  Table  5-4). 

importance  of  the  event  to  the  Coast  Guard 
(See  Tables  5-3  and  5-4). 

Weight  of  the  event  normalised  to  1000  (See  Tables 
5-3  and  5-4) . 

Coast  Guard  Operating  Program  abbreviation 
(See  Table  3-1). 

Program  wight  normalised  to  1000  (See  Table  6-3). 

Program  Activity  code  (See  Table  3-3) . 

Program  Activity  score.  Estimated  impact  of  the  event 
on  the  Program  Activity: 

Major  (8) 

Moderate  (4) 

Minor  (2) 
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APPENDIX  C 

CONSENSOR  INFORMATION  AND  INSTRUCTIONS 


*"  electronic  device  which  improves  group  communication  and 
helps  meetings  convened  for  problem-solving  and  decision-making  achieve  their 


The  CONSENSOR  is  a tool  designed  to  assist  the  decision-making  process.  Used 

belongs  less  in  the  final  phase  of  decision-making  and 
more  ^ ihe  earlier  exploratory,  consultative,  and  deliberative  phase  in  which 
contributions  are  sought  from  a relaUvely  large  number  of  people.  The  purpose 

of  this  phase,  and  therefore  the  purpose  of  the  CONSENSOR.  is  to  lead  to  bettef- 
intormed  decisions. 


Increasingly,  the  complexity  and  interrelations  of  today's  organisations  demand  a 
participatory  style  of  planning  and  management.  The  day  of  the  insulated  decision- 
maker IS  no  more.  With  this  era  of  group  deliberation,  various  techniques  to  help 
aggregate  individual  opinions  and  ideas  into  unambiguous  expressions  of  collective 
judgment  have  evolved.  The  CONSENSOR  is  an  important  tool  to  help  make  these 
techniques  work . 


The  CONSE.\SOR  is  not  a substitute  for  the  lively  give-and-take,  the  spirited  ex- 
change of  opuiion,  m a successful  meeting . It  augments  the  verbal  exchanges  by 
helping  to  bring  out  and  clarify  what  is  apt  to  be  ignored  or  left  unclear  in  these 
exchanges.  It  makes  meetings  n ore  productive  by  helping  to  insure  clearer  re- 
suits  and  a faster  pace  of  deliberation. 

The  CONSENSOR  helps  achieve  consensus  and  improve  communication  in  meetings 
in  the  following  ways:  ® 

Aims  group  toward  consensus  by 

1. )  Revealing  the  full  range  of  opinions  on  an  issue. 

2. )  Establishing  unambiguously  whether  a consensus  exists  on  an  issue. 

3. )  Establishing  unambiguously  a group's  collective  preference  within  a 

range  of  options  under  consideration. 

4. )  Establishing  the  strength  or  weight  of  a group's  collective  preferences. 

5. )  Uncovering  elements  of  consensus  within  the  variety  of  opinions  and 

attitudes  represented  by  a group. 

6. )  Enabling  recording  and  monitoring  of  a meeting's  progress. 

Facilitates  discussion  and  improves  communication  by 

1. )  Encouraging  maximum  participation. 

2. )  Sharpening  a group's  focus  on  the  issue  under  discussion. 

3. )  Minimising  emotional  bias  and  other  forms  of  "noise"  which  interfere 

with  the  clear  flow  of  discussion  and  information . 

4. )  Helping  to  remove  ambiguities  often  associated  with  group  deliberation 

and  collective  judgment. 

5. )  Identifying  the  existence  of  misunderstanding  or  lack  of  clarification  of 

an  issue. 
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Other  important  attributes  of  the  CONSENSOR  which  can  make  meetings  more  ef- 
fective include: 

1 .  ) Individual  opinion  can  be  expressed  anonymously . 

2. )  Numerous  discussion  items  can  be  considered  rapidly. 

3. )  Participants  in  a meeting  can  express. shades  of  opinion  in  addition  to  the 

normal  "yes"  and  "no". 

4 .  ) A group  profile  of  demographic  and/or  attitudinal  characteristics  can  be 

established  quickly,  without  embarrassment. 

We  all  hold  untold  creativity  and  wisdom  locked  within  us . This  resource  is  multi- 
plied in  the  case  of  a group,  and  with  group  interaction  it  becomes  more  accessible. 
The  quantum  leaps  in  thinking  which  characterize  creativity,  innovation  and  inspir- 
ation are  more  easily  triggered  in  the  fertile  environment  of  group  meetings  where 
a multitude  of  opinions  and  ideas  can  be  expressed.  Making  meaning  of  these  opin- 
ions and  ideas  is  the  bridge  to  creative  decision-making  and  problem-solving.  The 
CONSENSOR  is  a major  breakthrough  toward  building  this  bridge. 
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THE  CONSENSOR 


THE  BASIC  SYSTEM 

The  beslc  CONSENSOR  system  consists  of  seventeen  participant's  input  Terminals, 
a high  resolution  CRT  Display  Monitor,  and  a Control  Console. 

TERMINALS 

There  are  sixteen  individual  input  Terminals  (Fig.  1) 
and  a Terminal  built  into  the  Control  Console  in  the 
standard  CONSENSOR  system . A Selection  Switch  and 
a Weighting  Switch  are  on  each  Terminal . Each  Ter- 
minal also  has  a voting  button  and  a voting  light. 

Selection  Switch 

The  Selection  Switch  permits  each  participant  to  express 
personal  opinions  by  choosing  any  position  within  the 
selection  range  from  "0"  through  "10"  which  best  repre- 
sents his  or  her  view  on  whatever  issue  is  being  dis- 
cussed . These  eleven  selection  positions  are  assignable 
in  a variety  of  ways. 

Conventional  decision-making  generally  involves  a "yes" 
or  "no"  answer.  3y  assuming  "0"  means  "no"  and  "10" 

; means  "yes"  on  the  CONSENSOR  Selection  Switch,  the 

same  binary  decision  system  is  established . However, 
j-  with  the  CONSENSOR , additional  flexibility  of  expression 

j is  obtained , for  a participant  may  select  from  a range  of 

t "yes's"  (10,  9,8,7,  6)  and  a range  of  "no's"  (0,  1,  2,  3, 

1 4)  with  selection  "5"  representing  indecision  or  uncer- 

‘ tainty . In  addition,  the  range  of  numbers  around  the  Sel- 

i ection  Switch  may  be  regarded  as  progressive  values,  such 

\ as  percentages  or  probabilities,  rather  than  mere  degrees 

of  yes  and  no. 

( 

Weighting  Switch 

I The  Weighting  Switch  on  each  Terminal  serves  as  an  "intensity"  function  and 

enables  each  participant  to  qualify  opinions  expressed  on  the  Selection  Switch  by 
■ varying  the  strength  of  each  individual's  input.  (More  about  this  later) 


FIG.  1 


I 

i 
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DISPLAY  MONITOR 


The  Display  Monitor  is  a standard  television  monitor  set.  The  Display  Monitor  dis- 
plays in  a quantified  form,  information  collected  from  a "vote"  registered  on  the  in 
put  Terminals.  The  information  is  shown  on  a standard  television  screen. 


Display  Distribution 


The  Display  Monitor  shows  the 
eleven  positions  on  the  selection 
range  of  the  input  Terminals, 

"0"  through  "10",  across  a hori- 
zontal axis  at  the  bottom  of  the 
screen.  (See  Fig.  2)  When  all 
participants  have  made  their 
selections,  the  cumulative  input 
to  each  value  is  displayed  by  ver 
tical  light  bars  (histogram  form) 
across  the  selection  scale  and 
measured  by  the  values  along 
the  vertical  axis . The  vertical 
axis  of  the  display  distribution 

measure  of  the  cumu- 


MEAN 
5.7  100 


WGT  60 

100 

40 


COUNT 

15 


serves  as  a 

lative  input  to  the  selections  and  FIG  .2 

is  labeled  in  20%  increments  from 

0 through  100.  As  t.he  display  of  selections  is  always  normalized,  the  sum  total  of 
all  bars  of  light  in  each  case  will  be  100%.  For  example,  Figure  2 shows  that  opin 
ions  range  from  selection  "4"  through  selection  "7"  and  that  they  are  distributed 
accordingly: 


HEIGHT 


COLUMN 


12%  of  the  participants 
30%  of  the  participants 
39%  of  the  participants 
19%  of  the  participants 


By  way  of  example,  suppose  a group  of  people  are  discussing  an  iss-ae  for  which  a 
full  "yes"  or  a full  "no"  is  requested  (no  maybes  — "1"  through  "9").  If  half  of 
the  people  vote  "no"  and  half  of  them  vote  "yes"  — that  is,  if  the  response  is  equ- 
ally divided  --  then  the  light  column  over  the  "0"  and  the  "10"  selections  will  both 
show  to  the  50%  level,  as  in  Fig.  3. 
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FIG.  3 


The  CONSENSOR  automatically  calculates  the  average,  or  arithmetic  mean,  re- 
sponse within  the  range  of  selections  made  by  the  participants.  This  value  is 
displayed  on  the  left-hand  side  of  the  screen.  The  mean  is  based  upon  the  num- 
ber of  individual  voter  Terminals  activated  at  the  time  the  moderator  presses  the 
DISPLAY  button  on  the  Control  Console . As  the  number  of  people  wishing  to  par- 
ticipate in  each  vote  changes,  the  basis  for  calculating  the  mean  with  each  iteration 
is  adjusted  automatically . The  mean  is  displayed  when  the  moderator  presses  the 
MEAN  button  on  the  Control  Console. 


Weighting 

One  of  the  most  unusual  and  valuable  features  of  the  CONSENSOR  is  the  Weighting 
Switch.  Each  individual  voter  Terminal  has,  in  addition  to  the  Selection  Switch,  a 
dial  for  adjusting  t.he  intensity  of  one's  opinions,  depending  upon  the  individual's 
personal  feelings  of  confidence  or  competence  (or  any  other  relevant  criterion)  in 
dealing  with  the  particular  subject  being  discussed.  The  Weighting  Switch  has 
five  values  — 0,  25%,  50%,  75%,  and  100%  (see  Fig.  1).  If,  for  example,  individual 
confidence  is  used  as  the  relevant  qualifier,  turning  the  Weighting  Switch  to  100% 
indicates  that  the  participant  is  fully  confident  in  the  selection  made  on  the  Selection 
Switch.  The  system  then  counts  a "full"  vote  for  that  selection.  Should  the  parti- 
cipant turn  the  Weighting  Switch  to  50%  — indicating  half  as  much  confidence  in  the 
selection  — that  opinion  will  be  registered  at  half  strength  (50%  of  a vote) . In  short. 
Weighting  qualifies  Selection,  increasing  or  decreasing  a person's  voting  power  as 
the  individual  elects  to  alter  "weight"  settings. 

Cumulative  weighted  input  to  all  eleven  selections  is  always  displayed,  normalized 
to  100%.  For  c.\amplc,  in  the  yes/no  situation  described  before  (See  Fig. 3),  if  the 
half  of  the  group  saying  "10"  (yes)  were  to  leave  thoir  Weighting  Switches  at  100%, 
and  the  half  saying  "0"  (no)  were  to  reduce  their  weights  to  50%,  the  "10"  bar  would 
then  display  twice  as  high  as  the  "0"  bar  — 67%  at  "10",  with  33%at"0",  (See  Fig. 
4.)  Nbte  that  this  is  something  new  to  our  customary  practice  of  democracy.  The 
results  are  now  weighted  and  the  display  represents  the  distribution  of  total  voting 
power  and  not  simply  individual  votes.  Both  columns  represent  50%  of  the  voters 
each,  but  as  the  input  to  both  alternatives  is  unequally  weighted,  the  "yes"  half  of 
the  group  now  exerts  more  influence  on  the  results  than  do  the  "no's". 
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When  input  Is  weighted,  the  mesn 
shown  on  the  Display  Monitor  is  a 
weighted  mean . In  the  above  situ- 
ation, weighting  the  input  increased 
the  mean  from  5.0  (arithmetic  mean) 
to  6.7  (weighted  mean). 

The  average  weight  for  a group  is 
automatically  calcualted  and  shown 
on  the  left-hand  side  of  the  screen. 
The  average  weight  shown  in  Fig.  4 
is  75%:  half  the  group  is  registering 
100%  weight  while  half  is  registering 
50%  weight.  The  average  weight  can 
become  a very  significant  figure,  de- 
pending upon  what  standard  is  being 
used  to  qualify  the  votes  expressed  on 
the  Selection  Switch . 


Frame  Number 

Each  display  is  numbered  by  the  CONSENSOR  automatically  and  the  individual  frame 
number  is  shown  in  the  upper  right-hand  corner  of  the  screen.  The  system  begins 
the  numbering  process  from  the  first  frame  displayed  in  a meeting  and  identifies 
them  consecutively  until  the  system  is  turned  off.  Numbering  begins  anew  with 
#01  each  time  the  CONSENSOR  is  turned  on. 
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RESULTS  OF  THE  MODIFIED  DELPHI  CONFERENCE 


A mmt  of  62  future  events  ms  presented  to  the  panel  at  the 


conference,  and  by  nail  to  6 other  participants.  In  the  course  of  the 


conference  16  event  descriptions  (Nuaibers  8,  11,  17,  19,  21,  24,  31,  36 


40,  41,  42,  43,  45,  51,  54,  60)  were  BK>dlfled,  and  3 events  (Numbers  28,  49 


53)  were  deleted.  One  additional  event  (Number  63)  was  framed  at  the 


conference.  Hall  responses  have  been  combined  with  conference  responses 


except  where  event  descriptions  were  altered 


The  attached  sheets  display  the  final  or  only  votes  on  the  question 


By  what  year  will  the  probability  of  occurrence 
of  this  event  reach  (0.1,  0.5,  0.9)7 


The  display  is  structured  as  a graph  of  cumulative  probability  versus  tine 


period  (corresponding  to  Consensor  switch  positions)  snd  year.  The  event 


number  and  description  appears  above  the  horizontal  axis,  as  may  be  seen 


Cumulative 

Probability 

of 

Occurrence 
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EVENTi  1.  .TMJKE8  E>(PL0DES  OFF  U.S.  EAST  OOAffT 


Tims  Period 


Before  1980-  1983< 


At  each  probability  (0.1,  0.5,  0.9),  a bar  chart  of  responses 
(weighted  by  the  respondent's  confidence  in  his  estimate)  is  shown.  All 
bar  charts  are  expressed  as  percent;  each  * represents  2X.  Bar  chart 
indications  may  not  sum  to  100  because  of  rounding  errors. 

Additional  information  is  given  to  the  left  of  the  bar  chart: 

Mean:  The  arithmetic  mean  of  all  responses 

weighted  by  respondents'  confidence 
estimates,  in  time  periods. 

Weight:  The  arithmetic  mean  of  respondents' 
confidence  estimates,  in  percent; 
this  can  be  Interpreted  as  a group 
confidence  measure. 

Count:  The  number  of  responses. 

The  number  in  larger  type  appearing  below  "Count"  is  the  mean 
period  expressed  as  a year.  The  following  conversion  has  been  used: 

X.0-X.3  Low  year  of  period  X 

X.4-X.6  Middle  year  of  period  X 

X.7-X.9  High  year  of  period  X 
Finally,  the  cumulative  distribution  function  of  the  event 
probability  is  approximated  by  straight-line  segments. 


D-2 


OMUUCiv* 

rr«MtUC)r 


rrnrri  2 u.s.  nxtjrrs  MarrAky  roKi:  in  op  me  WiAM  canal 


\995- 


1992< 


CmsuUcW* 

rrotablllty 

of 

OecucTOOco 


gyyW-  S KAfiS  IN  IHE  WEST  (INCUIOtNC  SOmi  k OlOl^AL  AMtMICA)  IKVOLVC  TltC  U.S. 


TIm  Ftrlod 


1980- 

1982 


Cuaulotlvt 

Froboblllty 

of 

Oeeurrtnct 


Ant«tDJlJI^WreR  DOLK  CAnOO  VESStX  IS  IN  o«:ration 


TlM  Forlod 


Eofero  1980< 


Cuaul«tlv«  ' 
rrebablllty 
of 

Oecurrtnco  ' 


EVniTl  § IHSTALUTION  Or  BOO-2700  MORI  OIL/NATURAL  GAS  DRILLING  OR  FRODUCTIOM  rUTFORMS  ON  TNI  U.8.  OCS 


Aftor 


TiM  lorlol 


CuauUtlvo 

rrobobiltty 

of 

Oecurtonco 


IVIMTi  7 2-,  )-,  AND  IKR/tKCKAFT  OOHPRISC  1%  HbLMLATIOAL  OOAIS  SOLD 


TlM  Portod 


loforo  1910-  1983- 
1980  1982  1983 


1989-  1992-  1993-  1998-  2001-  2004-  Afcor 

1991  1994  1997  2000  2003  2008  2008 


2000 


CuMiUtivt 

rr«^klltty 

•t 

Oc<urr«ttc* 


tEMWIBtT  WCDEHSEA  IMSTAUJkTIOWS  Att  HAMMED  COIfTIilUOUSLT  FOE  COMMEECIAL  ACTIVITY 


UUf  1M0~  1906-  1989-  1993-  1999-  1990- 

3000  1902  1905  1900  1991  1994  1997  2000 


CuaulAtlv* 

rro0«0111ty 

•f 

OM«rT«nc«  I 


w*'  » »*>-mu:  riatuits  OMStJWATiai  km  m»ms  a i90-«ii£  ncusivt  kxmohic  mm 


CUMiUtU* 

rroUbillty 


Occ«rT«M« 


EVENT  I 1)  A KELP  FARM  IS  ESTADLISUED  OFF  1WE  COAST  CT  CALIFORNIA 


TIm  Ptrlod 


B«for«  1980-  1983-  1986-  1989-  1992-  1993-  1998-  2001< 

1980  1982  1985  1988  1991  1996  1997  2000  2001 


CxMwUtlv* 

rtob«6tIlty 

of 

Oecurronco  ' 


• tM.1 
klivali 
CtlAli 


SEVtX  OFIT.IIOW:  NUCLEAR  rCW:N  PIANIS  ARE  OIV:KATIONAL  IN  U.8.  W6TfiS 


••ton  IMO-  1»»J-  »»•«-  l»8»-  19»J-  IMS-  l»»».  jool-  J004-  *ft»r 

>»•«  IMl  1»»S  1»M  im  l»94  1»»7  JOOO  lOOJ  J006  too* 


period 


TnANSFORIATION  Of  HMASCOUS  ( IXMIC  KMIKIAIS  BY  WATER  INCRTASES  10  TWICE  THE  1975  TCM^ACE 


I9$l>.  19«)-  19E6-  1989- 

1982  1985  1988  1991 


EVENTi  )1  THIHC  are  7 OCS  oil  CRILLINC 


TlM  P«rlod 


TlM  Period 


CuaMUtlvo 

Probobillty 

of 

Occwtrooco 


EVDfTt  » 12  U.S.  OCEA»hTNEWM.  INEHCY  PLAmS  ARE  OPtKAIlCMAL 


Bofero  1980*  1982*  1986 
1980  X9«2  1985  1988 


1989*  1992*  1995 
1991  1994  1997 


1998*  2001 
2000  200: 


Cuaulotlvo 

Probeblllcy 

of 

Oeeurreaco 


EVENTt  39  V\E  HtAN  St2E  OP  CRinX  OIL  TAMCERS  IN  UbE  EXCEEDS  100«900  CWT 


Boforo  1080.  1983*  1986*  1089-  1092.  1995-  1098.  9001 


IVINTi  *0  ISTAILISKMINT  OF  U.».  THAIISFOnATIOM  SVSI^  USIHC  I H OWT  TAMCIXS,  SEAIEFTMS  t OFFSHOU  FITFOIIUII  TAMCS 


CuwUttvt  I 

of  I 

Ooeorvooco  I 


mHT'  42  TRni  Viu  Bl  MOKE  TRAM  IS  MILLION  PLKASUU  BOATS  IN  THE  U.S 


TIm  Period 


Before 

IfBO 


19B0- 

19B2 


Oiaulecive  i 
ProbeBllity 
of 

Oecurreoce 


EVBfTt  43  U.S.  mVOVMt  ItIXT  (>  9 CKT)  MILL  NUMTER  eS.OO'M^OB  1KCKLAS8  CVER  1975) 


TIm  Period 


Before  I960o  19B3- 


1995' 


MIMTl  *1 


EVnCTl  46  lAh  cr  VIE  SEA  WEATY  IS  WTIEIEO 


>*(ora  I960-  1«83-  1986-  1989- 
1980  1962  1983  1988  1991 


m-*ti 


CmmUcW* 

rro^«blllty 

•f 

Oecvrt«oc« 


ntc  uirtiH  Ki:AOti:s  or  im:  HissiSMm  akl  orti<  roH  shipping  X2  tuma  pen  Yijut 


Xim  P«rtod 


MirMt  «| 

It 


I ' I I " \ 

i«for«  1940-  1943*  1944- 

IMO  1942  1943  1944 


TtM  r«riod 

“T 1 \ * \ 1 r“ 

1949-  1992-  1993-  1994-  2001-  2004-  Aft«r 

1991  1994  1997  2000  2003  2004  2004 


l*fer«  1410*  1943-  1944-  I9fl4*  1449.  i444.  i4o«_  iaai- 


OMUl«tlV« 

frobabilityl 


TlM  f«rlod 


198»-  1992-  1995-  1998-  2001-  20C 

198C  1991  1994  1997  2000  2003  20C 


1983- 

1985 


CuauUtivc 

Frobdbility 

of 

Occurreacc 


evm*  wicF  AS  kany  Liani-.K-AmAi<o  aiiFS  (i/lsjd  ake  in  use  as  new:  in  1975 


TlM  Period 


ftefere  1980- 


1963< 


1986- 


Par tod 


UXA'tiNC  CCVIC15  ARC  RElCVlKCO  TO  OE  CARRIED  AflOARD  ALL  Ub  4 L10:nSU>  FOREICN  FlSHlNC  VESSELS  IN  fCt 


Tlat  Fcriod 


WW-  1983-  1986-  1989-  1991-  1995-  1998-  2001-  2004-  A£c«r 

1980  19$2  1985  1988  1991  1994  1997  2000  2003  2006  2006 


CuauUtlir*  I 
Pro6«8111CT, 
•f  I 

OecvrrcacA 


EVOrr:  63  coast  GtARO  IS  ASSIOfTO  PEACPTINE  ITOCRAl.  OCS  ASSfT  SEOJRITT  RESPONSIBILITY  OUTSIDE  TERRITORIAL  SEA 


TIm  Period 


B«(or«  1980-  1983-  1986-  1989* 


1992 


APPENDIX  E 

SURVEILLANCE  INFORMATION  ELEMENT  WEIGHTS  BY  PROGRAM  ACTIVITY 


KEY  TO  COLUMN  HEADINGS 


NO. 

Unique  Identification  number. 

SN 

Scene:  0 Implies  a current  requirement. 

6 Implies  a future  requirement. 

PROG 

Coast  Guard  Operating  Program  abbreviation. 

PA 

Program  Activity  code. 

Program 

Activity 

Distinct  surveillance-related  operation. 

Function 

Surveillance  function. 

SIE 

Surveillance  Information  Element  code. 

Surveillance 

Information 

Element 

Sel f -explanatory . 

SCR 

Score.  An  estimate  of  the  Importance  of  the 

Functlon/SIE  to  the  performance  of  the 

Program  Activity: 

Major  (8) 

Moderate  (4) 

Minor  (2) 

I WT  Weight.  For  each  Program  Activity,  the  Ftmctlon/SIE 

I score  normalized  to  1000. 


I 


r 


(AS  • 

Q Q O C4  <N 

lA  ^ 

OI  r4  C4 

^ ^ ^ ^ ^ 

^ rH  ^ ^ <H  ^ 

^ ^ ^ ^ 

•A  ^ l*>  ^ M ^ 

® ® «•  r*  r*  ^ 

(N(M  ^ W 

S*«2 

o Q in  t/> 

S in  04  04 

^ 04  ^ 

s|p§ 

SS!S 

04  04  <n 

^ss 

4^'  04  in 

»nr^  r»  ^ 
r*>  <4>  *0  m 
^ ^ ^ 

ajji 

Oft  « « ^ (M  C« 

AC4  «H  r4  <H  C4 

a»co  ^ iH  r*  ^ 

« r4  g»  9 

• V 04  04 

« « 04  flO 

« « 00 

^ ^ 00 

40^  ^ 00 

(A  Z I ^ f-i  ^ f-H  W ^ 


• opop«o«ao««««aoaoa> 


oDa>a>^^(N<>«r4C404saoo  ooaoaoaDsD««r4^^( 


^aoao«9flOco^<Nao^«^3>ao<x> 


in\ 

CO  N (J  3 i 
In  i>*  Z > 

^iisi 

fa9  3 S ( 

S S 8 ^ i 
S £ o z : 


> I > ^ I 
UJ  S J ! 

iisiss 


a.  B 19 

1 j'jBs 

' b)  U > 
to  CO  *-*  Cj 

laae^ 

: > > < to 


! S ^ h!  b £ 


s|i§ 

a 

> a & K ^ 

td  S u CO  ^ S ^ ( 

<0  to  _ O 3 H < 

§?§isi3i 


* > « 5f 

I p S 3 to 


>1  > < 

u 5 ^ u 


I to  Q a<  Oi 

■ ais^ 

1 > (O  00  to 


^iii 


r*i  n lo  s©  f 
o O (N  d c 
o o o o < 


CN  r>  ^ in  I 
o o o o ( 
o o o o I 


. ^ o 1^ 
I rs  m ^ 

> o o o o 


fNirn^mintor- 
o o o fs  rsi  fM  oi 
oo  o o o o o 


ai  r»  CM  ^ 
^ ro  ^ 
o o o o 


^ 04  ^ 

9 in  in  iT) 

o o o o 


I U]  U U b3  U Ca3 


eceei 

UJ  Cd  U w « 

QQCC! 


I >* 

, Cfa  Cd  Cd  U 

IgSSS 

; Z a]  Cd  b] 


s;s: 

OoOt-'Hfcfc 

bJ  Id  bJ  < <4;  Z Z 

^ Q Q § § 

Q Q Q ^ W M M 


>• 

h.  b)  Cd  U 

gsgg 

Z b]  bJ  id 

3 (O  to  to 

2888 


lu  M m uj 
(O  M to  M 

S888 


ICdCi3Cdb]tdCdb3CdCdb9Gd 


UUCd(db}CdUb)b)UCdCdCd 

llPgsIggP^i 

CdldblUUIdblCdUbJUblbJ 

cotototototococototocototo 

apllaaaaaaaa 

>>>>>>>>>>>>> 

saaaaausaaaasa 

Qu  fiib  Cb  b«  Cb  b#  Cu  Cd  Ci^  Cb  (w  Cm  Cm 


CdCdCdblCdbJCdCd 

sssgssii 

ceesefcBE: 

CmCmCmCmCmCmCmU* 

gg^ggggg 


I S S w » $ 

I I I I i 


§§§ip§ 

S Si  Si  Si  S Si 

I I I I • • ' 


04(Nr4<NOI0404«NOIOIOI 


^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


blhltdCdCdUMUbJCdCd 


^ b fx  1^  fx 

S 3 n 3 S S p 

bl  U (d  bJ  Id  Q Q 


0000000000000  00000000000 


» o o o o o o o 


r-icim^iniof^cDtfioi-ioim 

0000000000000 


•»»nior^®oio^r4»n^ 

33SSS3SSSSS 


I r>  ^ m lo  r^  a>  tfi 

!8333833 


E-3 


E-A 

J 


9 

S 


mm 


Il 


•hH(  JOXxoaA^r^^vas^aoos  «^^r»r>-r«r^^«  mfnmr>^u>«*>(*><nm^p  aa>a)doa)j»^r«<Nr4co^^d)S 

M2l 

uipi  t coaQjOSj>^r>i^^ao^a>9o  jogos777^(I>oo  oojo«ao^rsaoNoo^  cDOZ)Aaoao7c«r4r4JO^«»A 

usbi  I 


L 


f*.  1*1  r- 
mHi  ^ so  CO  oa  >o 
(Okl 


>0D  09  ^ ^ 09  09 


coococoo^^^^iHr**^ 


C0999C0^^^^04fHe*C*^99a0 


§8  a 

gesi 

C-  2 <S 

3sa£ 


E’  2 = 1 


P^S2®”S>. 


2‘^SSiog 

S§PPS| 

iag|gi 

ililii 


8ii^Sfe 

IssMei 

U U CO  3 ^ S 

o 2 H Cb  C £ 


r^  ^ m ' 

O O O CM  t 
O O O O • 


trt  CO  o CM  ^ 

rH  r-4  .-«  Ol  n CN 

o o o o o o 


tAvOO'C^ror*- 
<N  c'l  <*>  m m 

o o o o o o 


§i  SSSS 


iSSuiuitnuiSiSin 


u ^ ce  m KiXK 
3a  S in  SSS 
< < < < < < < 


isssfes 


oo  o o o o o 


oooooooooooo 


m ^ tn  ^ 09  Ov 

^ rn  ^ r»i 
C*  (N  <M  <M  CN  <S 


00^0 

n n IN  d <M  cj  fM  CM  fs«  r*i  Cm 


iqiS!5p,P' 
I b M a S a < 
!*°sa2, 


le 

ui  a 

g|88i 


' SK  S fc  ■■" 

i8*''|8 

{ u S 2 a u 

ep3§- 

I e O tn  I 01 


I ^ ^ ^ ^ 

j o a o a 

’fefefefe 

*aaaa 

iiiii 


) «v  tn  fN  m iTt 
> O O CN  IN  IN 

» o o o o o 


so  Os  o r**  o 
IN  IN  ro  lA  in 
C5  O O O O O 


r*  30  oi  o 
■O  o o 
o o o o 


giBHSggsSa  p&g9H9S§§§iia3g3 

Qum»3m^n-'h4«-^q  OQOua^^i>^i>^*^»^000000 


U U U1  to 

ul  :o  (O  to 
^ ^ <4 


i/)</)U3{/iV)W(/iViUJ(/i{/if/i(/)(/iUibiVi 

tOhJtOIOCOtOlOIOtOtOtOtOUJtOIOUltO 

*j  «j  (j  n o G tj  o tj  (j  (j  n n tj  <j  g 

|2|||g|g|2|SSS|a| 

33  333 

C^^^OsCfsOsOsC^^  Os'  (Ts  Os  Os  Os  Os  Os  Os 


mmu\ 


ooooooooooooooooo 


E-9 


I 


SURVEILLANCE  REQUIREMENTS  MODEL  INPUTS 

KEY  TO  COLUMN  HEADINGS 

NO.  Unique  Identification  number. 

EVNT  Event  number  (See  Tables  5-3  and  5-4) . 

SN  Scene  (See  Table  5-4) . 

RANK  Relative  Importance  of  the  event  to  the  Coast  Guard 

(See  Tables  5-3  and  5-4) . 

WT.A  Weight  of  the  event  normalized  to  1000  (See  Tables 

5-3  and  5-4). 

PKOG  Coast  Guard  Operating  Program  abbreviation 

(See  Table  3-1). 

VT . Program  weight  normalized  to  1000  (See  Table  6-3) . 

PA  Program  Activity  code  (See  Table  3-3). 

PA  SCR  Program  Activity  score.  Estimated  Impact  of  the 

event  on  the  Program  Activity: 

Major  (8) 

Moderate  (4) 

Minor  (2) 

PA  WT  Relative  Importance  of  the  Program  Activity  to  its 

Operating  Program. 

Surveillance  (See  Table  3-2) 

Information 

Klement  (This  portion  of  the  table  Is  a binary  matrix:  A 1 

Codas  In  any  SIE  column  Implies  that  the  event  affects  the 

SIE;  a blank  Implies  no  Impact.) 
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APPENDIX  G 


SURVEILLANCE  REQUIREMENTS  MODEL  RESULTS  BY  OPERATING  PROGRAM 

KEY  TO  COLUMN  HEADINGS 

SIE  Survalllanc*  Information  Elomant  coda  (Saa  Tabla  3-2) . 

Survalllanca  Salf-axplanatory. 

Function  and 
SIB 

Daacription 

WT.  Ralativa  waight  (normalizad  to  1000)  of  tha  SIE  in 

tha  acana  (S-yaar  pariod)  indicatad. 

RNK  Rank.  Tha  ralativa  importanca  of  tha  SIE  in  tha 

acana  indicatad. 

NOTES 

1.  Scanaa  ara  daflnad  aa  followa: 

SCENE  TIME  PERIOD 

1 1980-1984 

2 1985-1989 

3 1990-1994 

4 1995-1999 

5 2000-2004 

2.  SIE  waighta  (non-normalixad)  ara  cumulativa  from  acana  to  acana, 
a.g.,  SIB  traighta  in  Scana  2 includa  waighta  for  Scana  1. 
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APPENDIX  H 

DETAILED  SURVEILLANCE  REQUIREMENTS  IN  RANK  ORDER 


KEY  TO  COLUMN  HEADINGS 


NO. 

Unique  Identification  number. 

SN 

Scene:  0 Impllea  a current  requirement. 

6 Impllea  a future  requirement. 

PROG 

Coast  Guard  Operating  Program  abbreviation 

PA 

Program  Activity  code. 

Program 

Activity 

Distinct  surveillance-related  operation. 

Function 

Surveillance  function. 

SIE 

Surveillance  Information  Element  cod*. 

Surveillance 

Information 

Element 

Self-explanatory. 

Not*:  Raquirement*  are  listed  In  Scene  5 rank  order. 
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APPENDIX  I 

SURVEILIANCE  RBQUIREMEVTS  MODEL:  SEMSITIVm  ANALYSIS 


Having  obtained  outputs  from  the  nodel  (Tables  7-2  and  7-3),  it 
is  desirable  to  test  their  sensitivity  to  changes  in  input  data. 
Specifically,  how  sensitive  are  surveillance  requirements 
(Punctior\/STE  weights  and  ranks)  to  changes  in  event  timing  (i.e,, 
changes  in  the  introductory  scene  for  each  event)?  Referring  to  the 
results  of  the  Delphi  conference  (Appendix  D) , the  distribution  of 
responses  for  a number  of  events  is  seen  to  be  bimodal  at  some 
(S'obability  levels;  instead  of  accepting  a middle  position  between 
modes,  the  cumulative  distribution  function  could  have  been  altered 
to  reflect  first  one  mode  and  then  the  other.  This  could  affect  the 
trigger  dates,  hence  the  introductory  scenes  implied.  However, 
significant  bimodality  is  only  observed  in  a handful  of  cases  and 
even  where  it  exists,  changes  in  the  inqplied  scene  i^uld  be  small  and 
rare.  Consequently,  this  procedure  would  not  provide  a robust 
sensitivity  test. 

As  a better  alternative,  the  effect  of  changes  in  the  trigger 
dates  has  been  investigated.  Ihe  model  has  again  been  exercised  for 
all  events  using  introductory  scenes  implied  by  trigger  dates 
corresponding  to  both  probability  levels  equal  to  or  less  than  0.3 
and  probability  levels  equal  to  or  less  than  0.7  (as  distinguished 
from  probability  levels  equal  to  or  less  than  0.5  used  in  the  second 
iteration) . The  results  of  these  two  runs  are  given  in  Table  I-l, 
where  it  will  be  seen  that  the  greatest  change  in  requirement 
weight/rank  occurs  in  the  first  scene.  Table  1-2  suniiiarixes  the  ranks 
for  each  STE  for  each  cumulative  probability  level.  The  maximum 
difference  in  rank  is  also  tabulated.  After  excluding  incomplete  data 
sets,  a chi  square  test  for  normality  has  been  applied;  these  52  data 
sets  yield  a chi  square  of  4.78  (with  2 degrees  of  freedom), 
indicating  that  normality  cannot  be  rejected  at  the  98%  confidence 


l-l 


I 


level.  Confidence  limits  may  therefore  be  set  about  the  mean  (6.1) » 
rank  changes  from  2 to  10  may  be  expected  at  an  80  percent  confidence 
level.  Small  rank  changes  imply  relative  indifference  to  event 
timing;  conversely,  those  requirements  which  undergo  rank  changes  of 
10  or  more  are  most  sensitive  to  event  timing.  These  relatively 
sensitive  requirements  are  listed  in  Table  1-3.  More  complete 
requirement  descriptions  may  be  found  in  Appendix  H;  underlying 
events  which  cause  these  rank  changes  may  be  traced  in  Appendix  P. 

It  may  be  seen  that  the  maximvmi  rank  differences  are  not  great, 
implying  that  SIE  ranks  do  not  change  radically  with  changes  in  event 
timing.  For  this  reason,  the  results  of  the  Second  Iteration  of  the 
Requirements  Model  (Table  7-2)  have  been  accepted  as  a basis  for 
further  analysis  in  this  study. 


TABLE  I-l  SENSITIVITY  ANALYSIS  RESULTS 


A 


KEY  TO  COLUMN  HEADINGS 

SIS  Surveillance  Information  Element  code  (See  Table  3-2) . 

Surveillance  Self-explanatory. 

Function  and 
SIE 

Description 

WT.  Relative  weight  (normalized  to  1000)  of  the  SIE  In 

the  scene  (5-year  period)  Indicated. 

RNK  Rank.  The  relative  Importance  of  the  SIE  In  the 

scene  Indicated. 


NOTES 

1.  Scenes  are  defined  as  follows: 

SCENE  TIME  PERIOD 

1 1980-1984 

2 1985-1989 

3 1990-1994 

4 1995-1999 

5 2000-2004 

2.  Results  based  on  scenes  Implied  by  event  probabilities  £ 0.3 
are  given  In  the  first  part  of  the  table;  event  probabilities 
£ 0.7  are  used  to  produce  the  second  part. 

3.  SIE  weights  (non-normalized)  are  cumulative  from  scene  to  scene, 
e.g.,  SIE  weights  In  Scene  2 Include  weights  for  Scene  1. 


PART  1.  RESULTS  FOR  SCENES  IMPLIED  BY  EVENT  PROBABILITIES  < 0.3 


PAM  2.  RESULTS  POt  SCESES  IMPLIED  BY  EVEMT  PROBABILITIES 
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TABLE  1-2.  SENSITIVITY  ANALYSIS  OP  SCENE  1 SIE  BANKS 
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CHI  SQUARE  TEST  FOR  NORMAL  DISTRIBUTION 

Chi  Square  4.78 

Degrees  of  Freedon  2 


TABI£  I>3.  SURVEILLANCE  REQUIREMENTS  HOST  SENSITIVE  TO  EVQIT  TIMING 


HaxlNUM  Rank 

SIE 

Difference 

Code 

SIE  Description 

16 

001 

Detect:  Airborne  Aircraft r Missile, 
Airship 

16 

015 

Detect:  Electromagnetic  Bnission:  Radio 
(10  kHz  - 30  GHz) 

13 

051 

Observe:  Contraband:  Chemical, 
Biological,  Radiological  Devices 

12 

008 

Detect:  Diver  (underwater  Swiimier) 

12 

020 

Detect:  Sound  Qnission  in  Air 

12 

022 

Locate:  Range  or  Bearing 

11 

052 

(Observe:  Contraband:  Drugs 

11 

071 

Observe:  Nature  of  Distress:  Sunk 

10 

031 

Identify:  Shape 

10 

032 

Identify:  Frequency 

10 

046 

Observe:  Hostile  Activity 

APPENDIX  J 

DIGESTS  OF  SURVEILLANCE  TECHNOLOGIES  (U) 
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APPENDIX  L 

EMERGING  SURVEILLANCE  SYSTEMS  (U) 


APPENDIX  H 


SUKVBILLANCE  TECHNOLOGIES  MODEL 


CROSS-RELEVANCE  MATRICES:  TECHNOLOGIES  va  REQUIREMENTS 


PotanCial  Technologies  va  Requirements,  Scene  1 
Applied  Technologies  vs  Requirements,  Scene  1 
Potential  Technologies  va  Requirements,  Scene  5 
Applied  Technologies  vs  Requirements,  Scene  5 


M-2  to  M-3 
M-4  to  M-5 
M-6  to  M-7 
M-8  to  M-9 
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